In Korea, hospice palliative care (HPC) provision for cancer patients has increased recently.
Introduction
Hospice palliative care (HPC) has drawn increasing attention throughout the globe over the last decades [1, 2] . Ever since the modern hospice movement sprouted from the care for terminal cancer patients at 1960's, HPC has been closely linked with quality cancer care.
Along with the growth of HPC, cancer care at the end of life (EoL) including the aggressiveness cancer treatment and its association with HPC has become an important concern.
The aggressiveness at the EoL have been represented with indicators such as chemotherapy near death, admission to intensive care unit (ICU), visiting an emergency room in the last month of life and a short stay in hospice [3] . Previous studies found that approximately 4%-12% of solid tumor cancer patients [3] [4] [5] , and up to about 20% of hematologic malignancy [6] received chemotherapy 2 weeks before death. Despite the recent progress of HPC, aggressive care near death didn't show a decrease over time [3, 4, 7] .
EoL discussion is an essential component of HPC and it has been studied that EoL discussion could contribute to reduce the aggressiveness of cancer care near death [8, 9] . EoL discussion between the medical professionals and patients and family members includes communication about disease status, prognosis, negotiating goal of care and care preference including documentation of Do Not Resuscitation (DNR) [10] . Appropriately introduced EoL discussion has a positive effect such as avoiding unnecessary aggressive care near death, facilitating hospice utilization and improving quality of life for patient and family [9] . Therefore, it has been recommended to initiate these discussions earlier during the course of advanced cancer [8, 11] . Still, studies showed that about half of the bereaved families felt that EoL discussion and referral to palliative care occurred too late [12, 13] .
In 
Materials and Methods

Study subject
This is a retrospective medical record review of cancer patients who died at National Cancer Center Korea from 1 January 2009 to 31 December 2014. Cases were limited to the Korean Cancer Association This article is protected by copyright. All rights reserved.
adult (age of death more than 19 years old) cancer patients with a primary site of lung, stomach, breast, colorectal, and hematological malignancy as these comprised most of the primary site among the decedents in National Cancer Center and mainly treated with chemotherapy. Patients who passed away within 2 weeks from the first visit to National Cancer Center were excluded.
Data were extracted by Information Technology Team and then were anonymized by medical record service before delivered to the authors. The study period was set as from 2009
due to the availability of the electronic medical record for HPC referral.
EoL practices and data collection
Based on the literature review, the authors selected four EoL practices available from medical records. These were whether (1) patients received chemotherapy within 2 weeks from death (2) patients died in ICU, and (3) patients documented DNR within 7 days from death, and (4) patients were referred to the palliative care team.
Chemotherapy near death has been used as an indicator of the aggressiveness of care in previous studies [3] . Admission to ICU at the last month of life was also regarded as to reflect aggressive care at the EoL situation. As the timing of EoL discussion and hospice referral is usually very late in Korea [19] , ICU death was considered to reflect aggressive care more clearly than admitting to ICU in this setting. DNR within 7 days from death was chosen as it reflects late discussion of EoL between medical professionals and patients and family members.
The HPC team at National Cancer Center consists of physician and advanced nurse practitioner specialized in HPC. HPC team's roles encompassed comprehensive evaluation for patients and family, giving advice on symptom management, care planning and introducing HPC facilities through consultation.
We collected data including patient's age of death, sex, primary site of cancer, date of Korean Cancer Association This article is protected by copyright. All rights reserved.
death, date of last chemotherapy dose given, date of the first visit to National Cancer Center, educational status, type of health insurance, HPC referral status and date of DNR documentation. Patients with more than one site of cancer were assigned the diagnosis of last admission episode. Electronic data for DNR documentation and ICU death were fully available from 2011.
Statistical analysis
General characteristics of the patients were described in percentage and means according to the year of death. Trends of the four EoL practices over the study period were analyzed with linear regression analysis. Association between HPC referral and the other EoL practices (chemotherapy within 2 weeks from death, death in ICU and DNR documentation within 7 days from death) was analyzed with logistic regression analysis adjusted with general characteristics. All statistical analysis was performed using STATA 12SE (STATA Corp., TX).
Statistical significance was set at p < 0.05.
Ethical statement
This study was approved by the institutional review board of National Cancer Center (NCC2015-0043). Informed consent was waived as the study subjects were deceased.
Results
Three thousand seven hundred thirty cases were extracted as died from 2009 to 2014 and age of death of 20 years or older. Among these, primary sites of other than above five sites Korean Cancer Association This article is protected by copyright. All rights reserved.
(n=1,292) and who died within 2 weeks from first visit (n=61) were excluded subsequently.
Finally, 2,377 cases were included in the analysis.
General characteristics of study subjects are presented in Table 1 
Discussion
We investigated the changes in EoL practices in a single cancer center in Korea during 2009 -2014. We found there were positive changes in EoL practice such as increased HPC referral and decreased DNR documentation near death although prescription of chemotherapy near death and death in ICU didn't show a significant decrease.
The increase of referral to HPC over the study period could have a few explanations.
As referral to HPC is associated with awareness and knowledge for HPC among physician, patient and family members [13] , this may reflect the improved awareness for HPC. Studies showed the increasing trend of HPC referral in Korea since the early 2000s and onward [20, 21] during which the national policy for promoting HPC was initiated and developed. Another potential related factor to referral is the accessibility to HPC units. The provision of HPC has continued to grow from the early 2000s to present, and the utilization rate of designated HPC units also gradually increased during this period [15] . It was suggested that the poor accessibility became less frequently encountered as a barrier for utilizing HPC at 2014 compared with 2010 among the patients referred to the palliative care team at National Cancer Center [22] , though the accessibility to HPC needs to be improved further.
HPC referral was associated with less chemotherapy near death, ICU death and earlier DNR documentation in this study. This is consistent with the findings from previous studies which showed that HPC referral reduced the frequency of aggressive care near death among terminal cancer patients [8, 21, 23, 24] . We speculate that HPC consultation could decrease aggressive care by helping patients and family members to understand disease status and HPC through additional communication on conventional oncology practice. Additionally, referring physician might feel more prepared to discuss for less aggressive care with patients and family Korean Cancer Association This article is protected by copyright. All rights reserved.
once patients and family members understand HPC after consultation.
The proportion of patients received chemotherapy near death didn't show significant change over the study period in our finding. Increasing trend of chemotherapy use near death was reported from 1990s to early 2000s [3, 4] in United States and Canada. In Korea, increasing trend of chemotherapy near death between 2000 and 2012 was reported [20, 25] , implying an association with the use of targeted chemotherapy and increased chemotherapy among older population to this trend. However, more recently, Yoo et al. [21] reported decreasing trend of chemotherapy near death among lung cancer patients during 2010-2015, signaling EoL practices might be shifting toward less aggressive direction finally. Compared with these studies, our finding could be interpreted in a few ways. It is encouraging that it didn't increase over the study period, still the proportion of chemotherapy within 2 weeks from death remained high (23.6%). As for the chemotherapy to the very late stage of cancer, physician and patient factor have been considered as contributors for chemotherapy near death [3] . Physician may prescribe chemotherapy for providing hope, avoiding difficult conversation about stopping treatment or experiencing occasional case of responding to the chemotherapy at late stage [3] . Patients may ask for chemotherapy to the end for not being aware of their prognosis, having unrealistic expectation toward the effect of chemotherapy or fear of doing nothing [3] . Accordingly, it was shown that advanced EoL discussion could reduce the chemotherapy at EoL [8, 9] . However in Korea, where both oncologists and patients suffer from lack of time for communication, it may be unrealistic to expect the EoL discussion would increase spontaneously, even with the expansion of HPC provision. Therefore, ways to enable and enhance EoL discussion between physician and patient/family are necessary. Specifically, cancer control policy needs to be designed to support not only the expansion of hospice facilities but also the settlement of proper process for cancer care, for example, insuring practical environment for EoL discussion Korean Cancer Association This article is protected by copyright. All rights reserved.
between physician and patient to happen in daily oncology practice.
Of note, distinct patterns of EoL practices were observed according to different primary sites of cancer in our result. First, patients with stomach and colorectal cancer tended to withdraw chemotherapy earlier than those with lung cancer. Usually, chemotherapeutic options including targeted agents in gastrointestinal cancers are relatively limited compared with lung or breast cancer; this might have influenced the outcome. The low rate of chemotherapy in EoL period in colorectal cancer patients was already shown in our previous study [26] . Second, hematologic malignancy was associated with more death in ICU in our result. Previous findings also suggested that patients in this group received more aggressive care and were less likely to be referred to palliative care at the end-of-life than patients with solid tumors [4, 27] . Patients with hematologic malignancy could experience an unpredictable deterioration of the disease course which impedes the discussion of the transition from life-prolonging treatment to palliative care [28] .
The proportion of patients for death in ICU stayed unchanged during the study period, with older patients and hematologic malignancy patients being more likely to die in ICU in this study. ICU admission among cancer patients at the EoL could be affected by comorbidity [3] and insufficient advanced care planning. Recently, the Act on Decisions on Life-Sustaining Treatment was enforced at February 2018, which is expected to promote the discussion and documentation on patient's preference for life sustaining treatment at dying phase, thereby avoiding futile ICU admission at the EoL.
It is meaningful DNR documentation became slightly earlier in patients' disease trajectory over the study period. The proportion of documenting DNR within 7 days from death was still as high as 77.3%, similar to the previous report [18] On the other hand, the completion of DNR documentation was higher in this study (92.9%) compared with 76%-86.7% form Korean Cancer Association This article is protected by copyright. All rights reserved.
previous studies [17, 18] suggesting DNR documentation practice has been more settled for this population. Of note, earlier documentation of DNR among higher education group in our finding may reflect the difference in the degree of understanding of the terminal condition according to the level of education.
This study has a few limitations. First, data were drawn from a single institution specialized in cancer, and the pattern of EoL care practice might be different from that of other medical institutions. Therefore, caution is needed not to simply generalize the study finding. To reconcile the conflicting findings between this and other studies which investigated the change in the pattern of practice, we need multi-institutional real-world data of larger scale. Second, the study period was limited to between 2009 and 2014 due to the electronic data availability.
Considering that the national hospice palliative policy was initiated and developed from early 
